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Piedmontese, Salers, and Shorthorn breeds for weight, weight adjusted
for condition score, height, and condition score of cows1
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ABSTRACT: Breed differences for weight (CW),
height (CH), and condition score (CS) were estimated
from records (n = 12,188) of 2- to 6-yr-old cows (n =
744) from Cycle IV of the U.S. Meat Animal Research
Center’s Germplasm Evaluation (GPE) Program. Cows
were produced from mating Angus and Hereford dams
to Angus, Hereford, Charolais, Shorthorn, Galloway,
Longhorn, Nellore, Piedmontese, and Salers sires. Sam-
ples of Angus and Hereford sires were 1) reference sires
born from 1962 through 1970 and 2) 1980s sires born
in 1980 through 1987. The mixed model included cow
age, season of measurement and their interactions, year
of birth, pregnancy-lactation code (PL), and breed-
group as fixed effects for CW and CS. Analyses of weight
adjusted for condition score included CS as a linear
covariate. The model for CH excluded PL. Random ef-
fects were additive genetic and permanent environmen-
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Introduction
Mature size, as a component of efficiency, is more
important in beef cattle than in other meat livestock
because of low rate of reproduction and high maternal
cost of cows (Dickerson, 1978). The Germplasm Evalua-
tion (GPE) Program (Cundiff et al., 1986) at the U.S.
Meat Animal Research Center (USMARC) was de-
signed to evaluate breeds of sires differing in genetic
potential for diverse economic traits, such as growth
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tal effects associated with the cow. Differences among
breed groups were significant (P < 0.05) for all traits
and were maintained through maturity with few inter-
changes in ranking. The order of F1 cows for weight
was as follows: Charolais (506 to 635 kg for different
ages), Shorthorn and Salers, reciprocal Hereford-Angus
(HA) with 1980s sires, Nellore, HA with reference sires,
Galloway, Piedmontese, and Longhorn (412 to 525 kg
for different ages). Order for height was as follows:
Nellore (136 to 140 cm), Charolais, Shorthorn, Salers,
HA with 1980s sires, Piedmontese, Longhorn, Galloway
and HA with reference sires (126 to 128 cm). Hereford
and Angus cows with reference sires were generally
lighter than those with 1980s sires. In general, breed
differences for height followed those for weight except
that F1 Nellore cows were tallest, which may in part
be due to Bos taurus-Bos indicus heterosis for size.
and mature size, milk production, lean-to-fat ratio, and
carcass characteristics.
Analyses of mature weight and height and condition
score for cows in Cycles I to III were presented in previ-
ous reports (Arango et al., 2002b,c,d). An earlier report
from MARC presented ordinary least squares means
and breed differences for weight and height for heifers
from Cycle IV of the GPE (Thallman et al., 1999). The
goal of this study was to estimate breed differences for
weight, weight adjusted for condition score, height and
body condition score of cows produced by Hereford and
Angus dams and Hereford, Angus, Charolais, Short-
horn, Galloway, Nellore, Piedmontese and Salers sires
in Cycle IV of the GPE Program.
Materials and Methods
Data were collected from five calving seasons (1986
through 1990). Angus and Hereford cows were insemi-
nated with semen from Hereford and Angus reference
bulls; 1980s Angus bulls (born in 1980 through 1987); 
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Table 1. Number of sires and cows by breed of sire for
Cycle IV
Breed of sire Sires Cows
Reference Hereforda 10 74c
Reference Angusa 20 77d
1980s Herefordb 27 52e
1980s Angusb 19 37f
Charolais 22 35
Galloway 27 70
Longhorn 24 81
Nellore 22 81
Piedmontese 18 83
Salers 25 86
Shorthorn 22 68
Total 236 744
aHereford reference sires were born from 1962 through 1969 (mean
= 1,965.7). Angus reference sires were born from 1968 through 1970
(mean = 1,968.8).
b1980s Hereford sires were born from 1980 through 1986 (mean =
1,983.3). 1980s Angus sires were born from 1981 through 1987 (mean
= 1,984.0).
c32 purebred Hereford, 42 Hereford-Angus.
d35 purebred Angus, 42 Angus-Hereford.
e22 purebred Hereford, 30 Hereford-Angus.
f13 purebred Angus, 24 Angus-Hereford.
1980s Hereford bulls (horned and polled, born in 1982
through 1984); and Longhorn, Piedmontese, Charolais,
Salers, Galloway, Nellore, and Shorthorn bulls. The
numbers of sires and cows from each breed of sire are
presented in Table 1. Original reference sires were re-
peated over years and cycles to increase ties with previ-
ous cycles and to facilitate the pooling of results over all
four cycles. The 1980s bulls represented a more current
sample of Hereford and Angus sires to account for ge-
netic trend that had occurred within the Hereford and
Angus breeds. Therefore, “reference” and “1980s” An-
gus and Hereford bulls were treated as different breed
groups in the analysis. Charolais sires used in Cycle
IV (born in 1981 through 1987) also represented a new
sample of sires, different from the Charolais bulls used
in Cycle I (Arango et al., 2002b). Details of the sampling
of sires and the experimental design have been pre-
sented by Cundiff et al. (1998) and Thallman et al.
(1999).
General management was described by Cundiff et
al. (1998). Cows were maintained on improved pasture
(late April to late November) of cool-season smooth
bromegrass (Bromus inerous) or warm-season mixtures
of predominantly big bluestem (Andropogon gerardii),
switch grass (Panicum virgatum), Indian grass (Sorgh-
astrum nutans), with some little bluestem (Schizachy-
rium scoparium), side oats gramma (Bouteloua curti-
pendula), and sand lovegrass (Eragrostis trichoides).
During the winter months, when grass was not avail-
able (usually from late November to late April), females
were fed supplemental silage or hay. As 2-yr-olds, fe-
males were fed a diet containing 70% alfalfa haylage
and 30% corn silage (approximately 35% DM, 32 to 43
kg/d). The same diet was fed to the females at 3 yr of
age (36 to 38 kg/d). At 4 yr of age and older, females
were fed alfalfa hay 4 d/wk and grass hay three alter-
nate days of the week (11 to 14 kg/d). Cows born in the
same year were treated as a contemporary group for
nearly all analyses. In Cycle IV, that was true for heifers
and young cows (yearling to 3-yr-old females); however,
when cows reached 4 yr of age or older, they were run
in two groups (i.e., those born 1986 to 1988 in one,
and those born in 1989 and 1990 in another). Yearling
heifers were weighed at the beginning and end of the
mating season, and when palpated for pregnancy.
Thereafter, cows were weighed, measured for hip
height, and scored for body condition four times each
year. One measurement was taken each season: 1) mid-
May (spring) at the start of the breeding season; 2) early
August (summer) at the end of the breeding season; 3)
end of October (fall) at palpation for pregnancy follow-
ing weaning; and 4) early February (winter) before calv-
ing. Body condition score was based on a subjective, 9-
point classification scale, from extremely thin (1 = very
emaciated) to extremely fat (9 = very obese). Each record
of a cow was assigned to one of four physiological codes
composed of a combination of lactation (1 = not lactat-
ing, 2 = lactating) code and pregnancy (1 = not pregnant,
2 = pregnant) code. Data for the present study included
records of cows from 2 through 6 yr of age (the oldest
age allowed for any cow).
Statistical analyses used single-trait animal models
with a derivative-free REML algorithm (Boldman et
al., 1995). Fixed effects were sire line, dam line and
their interactions, age and season of measurement and
their interactions, year of birth, and pregnancy-lacta-
tion code in models for cow weight and body condition
score. For cow height, pregnancy-lactation code was
excluded. Analyses of weight adjusted for condition
score included condition score as a covariate. Adjust-
ment was to the average condition score for the analy-
sis. Separate analyses by age (years) of cow included
age in days within season of measurement as extra
covariates. Random effects were additive genetic and
permanent environmental effects of the cow. Details
about models and estimation of variance components
were presented by Arango et al. (2002a).
Estimates of (co)variances at convergence were used
with mixed model equations to estimate linear con-
trasts for breed of sire comparisons. More comparisons
were made than there were independent degrees of free-
dom. Therefore, the error rate may be somewhat differ-
ent from the nominal indicated by the level of probabil-
ity. However, the experimental objective was to exam-
ine breed-of-sire effects on major economic traits by
comparing all breeds of sires with Hereford-Angus (HA)
crosses and with each other (Cundiff et al., 1986). Tests
of significance will be guides of whether the observed
values could have occurred by chance. The standard
breed group for comparison of breeds of sire (within
and across cycles) was the HA reciprocal cross. The
following nine contrasts were tested for each trait and
age at measurement (years): 1) the difference between
the average for cows with each breed of sire and the
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Table 2. Numbers of cows (N), measurements (n), and unadjusted means (± SD)
by age for weight (kg), hip height (cm), and body condition score (points)
Weight Height Condition score
Age, yr N n Mean n Mean n Mean
2 742 2,946 460 ± 54 2,946 130 ± 4.5 2,944 6.1 ± 0.73
3 742 2,831 520 ± 66 2,831 133 ± 5.8 2,830 6.1 ± 0.082
4 718 2,701 546 ± 63 2,701 133 ± 5.8 2,700 6.2 ± 0.88
5 582 2,193 556 ± 63 2,193 132 ± 5.8 2,187 6.3 ± 0.87
6 438 1,517 554 ± 62 1,517 132 ± 5.6 1,516 6.4 ± 0.79
average of HA cows (with 1980s sires), 2) the difference
between Angus and Hereford purebred cows and their
reciprocal crosses produced by “reference sires,” 3) same
as Contrast 2 but produced by “1980s” sires, 4) the
difference between Hereford and Angus 1980s and ref-
erence sires, 5) the difference between Angus 1980s and
Angus reference sires, 6) same as Contrast 5 but for
Hereford sires, 7) the difference between 1980s Here-
ford and Angus sires, 8) the difference between refer-
ence Hereford sires and reference Angus sires, and 9)
the difference between cows with Angus dams and cows
with Hereford dams. Contrasts 5 and 6 are estimates
of genetic trend for the Hereford and Angus breeds.
Differences among crossbred cows will be due to addi-
tive genetic effects present in the specific two-breed
crosses and to heterosis for a particular cross (e.g.,
Frahm and Marshall, 1985). Heterosis was assumed to
be of similar magnitude for most crosses because the
design effectively confounded breed of sire and specific
heterosis effects except for the embedded Hereford-An-
gus diallel. Cows with Nellore sires would be expected to
express extra heterosis resulting from theBos indicus ×
Bos taurus cross (Koger, 1980).
Results and Discussion
Cow Weights
Numbers and means by age of cow are listed in Table
2. Cows gained weight until 5 yr of age. The largest
yearly gain was from 2 to 3 yr of age, accounting for
64% of the total gain from 2 to 6 yr of age. By 4 yr of
age, cows had accumulated most (98.6%) of their final
weight. Unadjusted means for height did not change
much across ages, except between 2 and 3 yr of age,
which indicates that stature reaches maturity earlier
than weight. Cows had attained 98.5% of their final
height by 2 yr of age. Changes in means for condition
score (maximum 0.3 point) were minor across ages.
Estimates of breed means for weight by age (years)
are shown in Table 3. Ranking of crossbred cows (by
breed of sire) was conserved across ages, in the following
order: Charolais (heaviest), Shorthorn, Salers, Here-
ford, and Angus (1980s sires); Nellore, Hereford, and
Angus (reference sires); Galloway, Piedmontese, and
Longhorn (lightest). The only exception was that means
for cows with Galloway sires (439 kg) were less than
those with Piedmontese sires (444 kg) at 2 yr of age.
Estimates of breed-group contrasts are presented in
Table 4. Cows with Charolais sires were consistently
heavier (P < 0.01) than HA cows at every age by differ-
ences that tended to increase with age, ranging from
32 to 76 kg. Cows with Salers and Shorthorn sires also
were heavier than HA cows, but the differences were
not significant until 5 and 3 yr of age for Salers and
Shorthorn sires, respectively. The Nellore-sired cows
did not differ significantly from HA cows. Cows with
Longhorn, Galloway, and Piedmontese sires were al-
ways lighter than HA cows by differences that tended
to increase until 4 yr of age (P < 0.01) and then de-
creased. At 5 yr of age, the differences were highly
significant for cows with Longhorn (−44 kg) and Pied-
montese (−32 kg) sires. The difference was highly sig-
nificant for cows with Galloway (25 kg) sires. At 6 yr
of age, the difference was significant only for cows with
Longhorn sires. In general, breed group means for cow
weight were greater for cows sired by breeds of large
size and low milk production (Charolais) than for cows
by breeds of sire of large size and moderate milk produc-
tion (Salers and Shorthorn) and for cows by breeds of
sire of moderate size and low milk production (Gallo-
way, Longhorn, and Piedmontese). Cows with Bos indi-
cus sires (Nellore) constituted a separate group and
were intermediate for weight. They ranked between
Bos taurus breeds of large size andBos Taurus breeds of
moderate size, and ranked, in general, close to HA cows.
The reciprocal HA cows, with reference sires, were
heavier than the average of the purebred Hereford and
Angus cows by differences that tended to decrease with
age: 19 kg at 2 yr (P < 0.01) and 17 kg at 3 and 4 yr (P
< 0.05). Earlier studies (e.g., Smith et al., 1976) have
reported greater heterosis at younger ages. At 6 yr of
age, the difference was only 5 kg (P > 0.05). Estimates
of direct heterosis from 2 to 5 yr of age (3 to 4%) were
intermediate between those in Cycle I (4 to 6%) and
Cycle II (2 to 5%) (Arango et al., 2002b,c) for cow weight.
Corresponding differences for cows with 1980s sires
(−16 to 6 kg) were not significant at any age. Cows
with 1980s Hereford and Angus sires, averaged over
straightbred and crossbred matings, were consistently
heavier (P < 0.01) than cows with Hereford and Angus
reference sires by differences that ranged from 29 to 
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Table 3. Estimates of breed-group means for cow weight (kg) by age of measurementa
Age of cow, yr
Breed
groupb 2 3 4 5 6
H reference 419 479 506 515 523
A reference 442 503 525 534 544
H 1980s 476 545 576 579 604
A 1980s 466 523 541 548 542
HA reference 451 508 533 538 538
AH reference 448 508 533 541 540
HA 1980s 482 556 575 582 569
AH 1980s 471 535 560 534 544
Ch-H 510 599 623 635 635
Ch-A 506 585 616 633 623
So-H 489 561 586 597 595
So-A 494 567 590 598 599
Ga-H 435 503 523 529 536
Ga-A 442 508 531 537 546
Lh-H 417 474 500 518 525
Lh-A 412 471 492 510 512
Ne-H 464 542 565 565 558
Ne-A 466 534 555 553 553
Pd-H 440 493 515 523 533
Pd-A 448 497 517 527 537
Sa-H 481 545 567 563 582
Sa-A 495 563 584 600 604
aMeans were obtained by adding the unadjusted mean for HA cows, the solution constrained to zero, to
the solution for each breed-group.
bReference sires born from 1962 through 1970; 1980s = sires born from 1980 through 1987; H = Hereford,
A = Angus, Ch = Charolais, So = Shorthorn, Ga = Galloway, Lh = Longhorn, Ne = Nellore, Pd = Piedmontese,
Sa = Salers.
40 kg. Cows with 1980s Hereford sires also were consis-
tently heavier (44 to 57 kg) than cows with reference
Hereford sires (P < 0.01), which represents an increase
in cow weight within the Hereford breed. The corres-
ponding estimates for Angus were also positive but sig-
nificant only to 4 yr of age (22 to 24 kg). On average,
cows with 1980s Hereford sires were 10 to 43 kg heavier
than cows with 1980s Angus sires. That difference
tended to increase with age and was significant for 4-yr-
old cows and highly significant for older cows. However,
cows with Angus reference sires were 9 to 12 kg heavier
(P > 0.05) than cows with Hereford reference sires, a
result that is consistent with a greater increase in cow
weight within the Hereford breed than within the An-
gus breed. Previous results have indicated earlier ma-
turing patterns in Angus than in Hereford (Smith et
al., 1976). The bulls sampled for this experiment relied
heavily on bulls available from the AI industry, espe-
cially the Angus bulls. Curve bender (e.g., increased
weaning or yearling weights without a proportional in-
crease in mature weight) bulls may have been identified
with greater precision and more intensely selected in
the Angus breed than in the Hereford breed by the AI
industry. Thallman et al. (1999) reported 550-d weights
of heifers from Cycle IV. In general, their results agreed
with the present study. The ranking of breed groups
was the same, except that heifers with Salers sires were
slightly heavier than heifers with Shorthorn sires. On
average, heifers with Piedmontese, Galloway, and
Longhorn sires were 13, 20, and 44 kg lighter than HA
heifers at 550 d. The crossbred heifers with Nellore,
Charolais, Salers, and Shorthorn sires were 7, 27, 29,
and 32 kg heavier than HA heifers. Heifers with Angus
dams were 4 kg heavier than heifers out of Hereford
dams.
Literature reports for weights at 2 to 6 yr of age for
Angus and Hereford cows were reviewed by Arango et
al. (2002b). The averages are less than those reported
in this study. For crossbred cows from some of the
breeds of sire used in this study, Jeffery and Berg (1972)
compared two breeding systems in Alberta, Canada: 1)
using only British genes (Hereford and Angus-Gallo-
way) and 2) using a hybrid of British with continental
breed crosses (Charolais-Angus, Charolais-Galloway).
The difference was 22 kg at the average age, when the
hybrid cross cows were heavier (550 kg) at 4.7 yr than
the British cross cows (528 kg at 5.8 yr). Smith et al.
(1976) reported weights of reciprocal HA females and
cows with Shorthorn sires raised in Nebraska. On aver-
age, the reciprocal HA females were 6 and 3% heavier
than the average of the purebreds at 550 d and 3¹⁄₃ yr
of age, respectively. That result is similar to the 4 and
3% obtained here at 2 and 3 yr of age. They also reported
that cows with Shorthorn sires (Angus and Hereford
dams) were, on average, only 7 and 9 kg lighter than
HA females at the same ages. Spelbring et al. (1977)
reported from a diallel experiment involving Angus and
Milking Shorthorn in Indiana that Shorthorn-Angus
cows were 14, 20, and 15 kg heavier than Angus cows
at 3 to 5 yr of age. Bowden (1980) compared a sample of
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Table 4. Contrasts between solutions for breed groups (±SE), estimates of standard deviations (SD) from estimates
of variance components, and estimates of heritability for weight (kg) by age of cow
Age of cow, yra
Breed
groupb 2 3 4 5 6
HA-xc 0.00 0.00 0.00 0.00 0.00
Ch-x 31.54 ± 8.80** 47.30 ± 10.41** 52.30 ± 11.32** 76.24 ± 13.22** 71.59 ± 15.77**
Lh-x −61.88 ± 7.47** −72.51 ± 8.83** −71.62 ± 9.60** −43.66 ± 10.98** −38.96 ± 11.63**
Sa-x 11.56 ± 7.47 8.80 ± 8.85 7.85 ± 9.52 23.98 ± 10.95* 35.59 ± 11.55**
Ga-x −37.86 ± 7.55** −39.83 ± 8.92** −40.52 ± 9.68** −24.55 ± 11.18* −16.83 ± 11.64
Ne-x −11.22 ± 7.63 −7.10 ± 8.95 −7.16 ± 9.67 1.37 ± 11.18 −1.80 ± 11.92
Pd-x −32.58 ± 7.75** −50.05 ± 9.15** −51.28 ± 9.99** −32.49 ± 11.18** −22.53 ± 11.71
So-x 15.38 ± 7.86 19.07 ± 9.30* 20.69 ± 10.00* 40.07 ± 11.97** 39.60 ± 12.53**
Ref(H,A)-pd 18.75 ± 6.04** 16.81 ± 7.27* 17.21 ± 7.60* 14.90 ± 8.85 5.27 ± 8.91
(4.35) (3.42) (3.36) (2.84) (0.99)
80(H,A)-pe 5.62 ± 8.31 11.23 ± 9.89 8.91 ± 10.58 −5.74 ± 12.60 −15.57 ± 12.54
(1.19) (2.10) (1.60) (−1.02) (−2.72)
80 vs. Reff 33.52 ± 6.16** 40.05 ± 7.24** 38.88 ± 7.82** 28.72 ± 8.86** 28.73 ± 9.21**
H(80-Ref)g 43.56 ± 8.41** 56.45 ± 9.87** 56.01 ± 10.75** 53.74 ± 11.87** 56.53 ± 12.40**
A(80-Ref)h 23.49 ± 8.94* 23.65 ± 10.54* 21.76 ± 11.28** 3.70 ± 13.08 0.93 ± 13.51
80s (H-A)i 10.28 ± 9.11 21.32 ± 10.76 24.86 ± 11.60* 39.45 ± 13.44** 43.42 ± 13.63**
Ref(H-A)j −9.80 ± 8.17 −11.47 ± 9.55 −9.39 ± 10.32 −10.59 ± 11.31 −12.18 ± 12.09
Ax-Hxk 4.43 ± 1.68* 3.41 ± 1.99* 2.18 ± 2.13 7.94 ± 2.45** 3.44 ± 2.68
SDl
σp 54.37 52.00 53.78 54.33 52.49
σg 37.12 31.77 36.36 33.67 37.84
σc 23.01 29.29 27.03 33.58 19.69
h2 0.46 0.37 0.46 0.38 0.52
aMeans in the contrast are different: **P < 0.01 or * P < 0.05.
b
−x = crosses, H = Hereford, A = Angus, HA = reciprocal crosses of AH and HA, Ch = Charolais, Lh = Longhorn, Sa = Salers, Ga = Galloway,
Ne = Nellore, Pd = Piedmontese, So = Shorthorn.
cContrasts: respective breed of sire group vs. Hereford-Angus crosses (HA-x) with H, A 1980 sires.
dContrast: H-A pure breeds vs. HA-x (reference sires); in parentheses, the heterosis percentages.
eContrast: H-A pure breeds vs. HA-x (1980’s sires); in parentheses, the heterosis percentages.
fContrast: 0.25{(HA80s+H80s+A80s+AH80s) − (HAref + Href + Aref + AHref)}.
gContrast: 0.50{(HA80s + H80s) − (HAref + Href)}.
hContrast: 0.50{(AH80s + A80s) − (AHref + Aref)}.
iContrast: 0.50{(HA80s + H80s) − (AH80s + A80s)}.
jContrast: 0.50{(HAref + Href) − (AHref + Aref)}.
kContrast: crosses with Hereford dams vs. crosses with Angus dams.
lσp = phenotypic standard deviation, σg = genetic standard deviation, and σc = permanent environmental standard deviation, derived from
variance component estimates; h2 = heritability.
HA and F1 cows with Charolais, Jersey, and Simmental
sires and Angus dams transferred from the GPE Pro-
gram to Alberta, Canada. The Charolais-Angus cows
were 53 kg heavier than HA cows at 2 yr of age. Nadara-
jah et al. (1984) reported that Charolais-Angus cows
were 47, 58, 68, and 57 kg heavier from 3 to 6 yr of age
than Angus cows. Montan˜o-Bermudez (1987) compared
HA (low milking), Red Poll-Angus (medium milking),
and Shorthorn-Angus (high milking) cows in a study
comparing crosses with differing potentials for milk
production. Cows with Shorthorn sires were lighter
than HA cows at 2, 3, and 4 yr of age, in contrast to
this study, but in agreement with Smith et al. (1976).
Sacco et al. (1990) from a five-breed diallel (Angus,
Brahman, Hereford, Holstein, and Jersey) experiment
in Texas, reported that HA cows, on average, were 3.6%
heavier than purebred Angus and Hereford at 2 and 3
yr, similar to the 3.4 and 2.1% at 3 yr in this study for
reference and 1980s sires, respectively. The cows with
Brahman sires were heaviest, averaging 44 kg more
than HA cows. That difference was greater than for
cows sired by the Bos indicus sire breed used here (Nel-
lore), which were lighter than HA by 7 kg at 3 yr of age.
Estimates of breed-group contrasts for weight ad-
justed for condition score are given in Table 5. Rankings
of crossbred cows were the same as for actual weight,
although breed differences (and significance levels) dif-
fered somewhat. Cows with Charolais and Shorthorn
sires were consistently heavier (P < 0.01) than HA cows
at every age, ranging from 22 kg for Shorthorn crosses
at 2 yr of age to 72 kg for Charolais crosses at 5 yr of
age. Cows with Salers sires were heavier than HA cows,
but the difference was significant only at 5 (P < 0.05)
and 6 (P < 0.01) yr of age. As for actual weight, cows
with Nellore sires did not differ significantly from HA
cows. Cows with Longhorn, Galloway, and Piedmontese
sires were consistently lighter than HA cows by differ-
ences that ranged from 14 (Piedmontese at 6 yr) to 59
kg (Longhorn at 3 yr) and that were highly significant,
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Table 5. Contrasts between solutions for breed-groups (±SE), estimates of standard deviations (SD) from estimates
of variance components, and estimates of heritability for weight adjusted for condition score (kg) by age of cow
Age of cow, yra
Breed
groupb 2 3 4 5 6
HA-xc 0.00 0.00 0.00 0.00 0.00
Ch-x 32.60 ± 7.90** 46.81 ± 9.23** 50.72 ± 9.82** 72.04 ± 11.97** 62.26 ± 14.64**
Lh-x −49.05 ± 6.73** −58.73 ± 7.86** −56.04 ± 8.38** −39.60 ± 10.02** −36.83 ± 10.80**
Sa-x 13.20 ± 6.72 13.25 ± 7.85 13.45 ± 8.30 23.89 ± 9.99* 31.94 ± 10.72**
Ga-x −40.89 ± 6.79** −41.64 ± 7.91** −40.45 ± 8.42** −28.39 ± 10.17** −24.06 ± 10.81*
Ne-x −5.23 ± 6.86 −3.72 ± 7.95 −5.19 ± 8.43 2.46 ± 10.19 3.42 ± 11.07
Pd-x −26.28 ± 6.98** −36.36 ± 8.14** −35.37 ± 8.74** −26.08 ± 10.26* −13.75 ± 10.88
So-x 21.60 ± 7.07** 28.77 ± 8.26** 29.09 ± 8.72** 42.17 ± 10.90** 40.12 ± 11.62**
Ref(H,A)-pd 13.98 ± 5.39* 12.07 ± 6.43 13.38 ± 6.53* 14.70 ± 7.88 3.65 ± 8.27
(3.21) (2.43) (2.58) (2.80) (0.68)
80(H,A)-pe 4.51 ± 7.42 5.77 ± 8.74 6.91 ± 9.10 −5.58 ± 11.27 −15.12 ± 11.64
(0.95) (1.06) (1.22) (−0.98) (−2.60)
80 vs. Reff 37.80 ± 5.55** 43.80 ± 6.44** 43.30 ± 6.84** 34.72 ± 8.16** 36.66 ± 8.56**
H(80-Ref)g 46.73 ± 7.60** 59.12 ± 8.78** 60.16 ± 9.43** 58.46 ± 10.96** 64.36 ± 11.53**
A(80-Ref)h 28.86 ± 8.05** 28.47 ± 9.36** 26.44 ± 9.85* 10.98 ± 11.99 8.96 ± 12.55
80s (H-A)i 10.49 ± 8.18 18.53 ± 9.54 24.27 ± 10.08* 35.48 ± 12.20** 43.08 ± 12.64**
Ref(H-A)j −7.39 ± 7.40 −12.12 ± 8.51 −9.45 ± 9.09 −12.00 ± 10.55 −12.32 ± 11.22
Ax-Hxk 5.45 ± 1.39** 4.80 ± 1.76* 4.07 ± 1.85* 8.64 ± 2.21** 6.38 ± 2.49*
SDl
σp 39.76 46.26 46.71 49.39 48.91
σg 23.88 28.69 32.65 34.22 35.39
σc 21.06 25.23 21.56 25.65 17.48
h2 0.36 0.38 0.49 0.48 0.52
aMeans in the contrast are different: **P < 0.01 or *P < 0.05.
b
−x = crosses, H = Hereford, A = Angus, HA = reciprocal crosses of AH and HA, Ch = Charolais, Lh = Longhorn, Sa = Salers, Ga = Galloway,
Ne = Nellore, Pd = Piedmontese, So = Shorthorn.
cContrasts: respective breed of sire group vs. Hereford-Angus crosses (HA-x) with H, A 1980 sires.
dContrast: H-A pure breeds vs. HA-x (reference sires); in parentheses, the heterosis percentages.
eContrast: H-A pure breeds vs. HA-x (1980’s sires); in parentheses, the heterosis percentages.
fContrast: 0.25{(HA80s + H80s + A80s + AH80s) − (HAref + Href + Aref + AHref)}.
gContrast: 0.50{(HA80s + H80s) − (HAref + Href)}.
hContrast: 0.50{(AH80s + A80s) − (AHref + Aref)}.
iContrast: 0.50{(HA80s + H80s) − (AH80s + A80s)}.
jContrast: 0.50{(HAref + Href) − (AHref + Aref)}.
kContrast: crosses with Hereford dams vs. crosses with Angus dams.
lσp = phenotypic standard deviation, σg = genetic standard deviation, and σc = permanent environmental standard deviation, derived from
variance component estimates; h2 = heritability.
except for Piedmontese at 5 yr and Galloway at 6 yr (P
< 0.05) and Piedmontese at 6 yr (P > 0.05).
The reciprocal HA cows, with reference sires, were
heavier than the average of the purebred Hereford and
Angus cows by differences of 4 to 15 kg, but the differ-
ences were significant only at 2 and 4 yr of age. Esti-
mates of direct heterosis were between 2 and 3%, except
at 6 yr of age when the estimate was 1%. The corres-
ponding differences for cows with 1980s sires were less
and were not significant at any age.
Cows with 1980s Hereford and Angus sires, averaged
over straightbred and crossbred matings, were consis-
tently heavier (P < 0.01) than cows with Hereford and
Angus reference sires, by differences that ranged from
35 to 44 kg. Cows with 1980s Hereford sires also were
consistently heavier (47 to 64 kg) than cows with refer-
ence Hereford sires (P < 0.01), which represents a posi-
tive trend for cow weight adjusted for condition score
within the Hereford breed. The corresponding esti-
mates for Angus were also positive for the 1980s sires
but were significant only up to 4 yr of age. On average,
cows with 1980s Hereford sires were 10 to 43 kg heavier
than cows with 1980s Angus sires. The differences
tended to increase with age and were significant for 4-
yr-old and highly significant for older cows. Cows with
Angus reference sires were 7 to 12 kg heavier (P >
0.05) than cows with reference Hereford sires, which is
consistent with a greater trend for increased cow weight
within the Hereford breed than within the Angus breed.
Cows with Hereford dams averaged 4 to 9 kg lighter
than cows with Angus dams with differences that were
highly significant at 2 and 5 yr and significant at
other ages.
Smith et al. (1976) reported that reciprocal HA cows
at 6 to 9 yr of age were 2% heavier than the average
of the purebreds, a difference that was greater than the
corresponding differences in this study at 6 yr of age.
Nadarajah et al. (1984) found that Charolais-Angus
cows were 61 to 77 kg heavier than purebred cows at
3 to 6 yr of age.
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Table 6. Estimates of breed-group means for hip height (cm) by age at measurementa
Age of cow, yr
Breed
groupb 2 3 4 5 6
H reference 124 127 127 126 127
A reference 124 127 127 126 126
H 1980s 131 134 134 133 134
A 1980s 130 132 132 131 130
HA reference 126 128 128 127 127
AH reference 125 128 128 127 126
HA 1980s 131 134 134 133 133
AH 1980s 129 131 131 129 130
Ch-H 135 139 139 138 138
Ch-A 136 140 139 139 138
So-H 134 137 136 136 136
So-A 134 137 137 136 136
Ga-H 126 129 129 127 127
Ga-A 126 129 129 128 128
Lh-H 130 133 132 131 131
Lh-A 129 131 131 130 130
Ne-H 136 139 140 139 139
Ne-A 136 139 140 138 138
Pd-H 130 133 132 131 132
Pd-A 130 132 132 130 130
Sa-H 133 136 136 136 136
Sa-A 135 137 137 136 137
aMeans were obtained by adding the unadjusted mean for HA cows, the solution constrained to zero, to
the solution for each breed-group.
bReference sires born from 1962 through 1970; 1980s = sires born from 1980 through 1987; H = Hereford,
A = Angus, Ch = Charolais, So = Shorthorn, Ga = Galloway, Lh = Longhorn, Ne = Nellore, Pd = Piedmontese,
Sa = Salers.
Cow Height
Table 6 lists estimates of breed means for height by
age of cows. On average, cows of all breed groups gained
only 1 to 4 cm of stature from 2 to 6 yr, reaching a
maximum height at 3 yr of age and 97 to 99% of their
final height by 2 yr. This pattern indicates that cows
reached maturity for stature earlier than for weight,
as in Cycles I, II, and III (Arango et al., 2002b,c,d). On
average, cows with Nellore and Charolais sires were
tallest at every age and interchanged rank order from
age to age (136 cm at 2 yr and 140 cm for Nellore at 4
yr). The second tallest group included cows with Short-
horn and Salers sires, which tended to have similar
heights (134 to 137 cm). The next group included HA
cows with 1980s sires and cows with Piedmontese and
Longhorn sires (130 to 133 cm). The Galloway cross
(126 to 129 cm) and HA cows with reference sires (126
to 128 cm) were the smallest cows. Cows with Nellore
sires were taller than the Angus cows with reference
sires by 12 to 13 cm at each age. A similar pattern was
found for Brahman cross cows in Cycle III (Arango et
al., 2002d), indicating that heterosis from Bos taurus-
Bos indicus crosses for stature may be relatively im-
portant.
Estimates of breed-group contrasts are in Table 7.
Cows with Charolais, Salers, Nellore, and Shorthorn
sires were taller than 1980s HA cows at all ages (P <
0.01) by differences that ranged from 4 to 7 cm. Cows
with Longhorn and Piedmontese sires were less than
1 cm shorter than HA cows. The differences were not
significant at any age. Cows with Galloway sires were
exceeded by HA cows by approximately 4 cm (P < 0.01).
In general, breed group means for cow height followed
a trend similar to that for means for weight. The only
remarkable difference was for cows with Bos indicus
sires (Nellore), which, although intermediate for weight
(i.e., did not differ significantly from HA), were even
taller than cows sired by Charolais bulls (the heaviest
cows) at all ages.
On average, HA cows with reference sires were ap-
proximately 1 cm taller than the purebred (Hereford,
Angus) cows until 5 yr of age, but the differences were
significant only at 2 and 3 yr of age. Estimates of direct
heterosis were less than 1% at each age. The corres-
ponding estimates were even less for cows with 1980s
sires and were close to zero (P > 0.05) at all ages. Cows
with 1980s Hereford and Angus sires, averaged over
straightbred and crossbred matings, were 5 to 6 cm
taller (P < 0.01) than cows with reference Hereford and
Angus sires at each age. Cows with 1980s Hereford
sires also were consistently taller (5 to 7 cm) than cows
with reference Hereford sires (P < 0.01). This difference
represents an increase for cow height within the Here-
ford breed. The corresponding estimates for Angus were
also positive (P < 0.01) but were less (4 to 6 cm). On
average, cows with 1980s Hereford sires were taller
than cows with 1980s Angus sires by differences that
tended to increase with age and that were significant
for 3-yr-old and highly significant for older cows. Cows 
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Table 7. Contrasts between solutions for breed groups (±SE), estimates of standard devia-
tions (SD) from estimates of variance components, and estimates of heritability for hip
height (cm) by age of cow
Age of cow, yra
Breed
groupb 2 3 4 5 6
HA-xc 0.00 0.00 0.00 0.00 0.00
Ch-x 5.40 ± 0.78** 6.53 ± 0.81** 6.40 ± 0.81** 7.36 ± 0.94** 6.43 ± 1.21**
Lh-x −0.96 ± 0.68 −0.56 ± 0.70 −0.82 ± 0.71 −0.44 ± 0.80 −0.54 ± 0.90
Sa-x 3.67 ± 0.68** 4.06 ± 0.71** 3.93 ± 0.70** 4.64 ± 0.80** 4.82 ± 0.89**
Ga-x −4.45 ± 0.68** −3.81 ± 0.70** −3.72 ± 0.70** −3.88 ± 0.81** −3.90 ± 0.90**
Ne-x 5.84 ± 0.70** 6.60 ± 0.72** 7.25 ± 0.71** 7.12 ± 0.82** 6.86 ± 0.92**
Pd-x −0.35 ± 0.71 −0.59 ± 0.74 −0.85 ± 0.75 −0.90 ± 0.83 −0.16 ± 0.92
So-x 3.63 ± 0.71** 4.33 ± 0.74** 3.96 ± 0.73** 4.54 ± 0.87** 4.51 ± 0.96**
Ref(H,A)-pd 1.04 ± 0.50* 1.11 ± 0.51* 0.95 ± 0.51 0.80 ± 0.59 0.36 ± 0.66
(0.83) (0.87) (0.75) (0.63) (0.28)
80(H,A)-pe 0.14 ± 0.69 −0.46 ± 0.72 −0.07 ± 0.71 −0.62 ± 0.85 −0.71 ± 0.94
(0.11) (−0.35) (−0.05) (−0.47) (−0.54)
80 vs. Reff 5.68 ± 0.58** 5.60 ± 0.60** 5.53 ± 0.59** 5.16 ± 0.67** 5.30 ± 0.72**
H(80-Ref)g 5.13 ± 0.81** 6.48 ± 0.83** 6.74 ± 0.83** 6.59 ± 0.90** 6.51 ± 0.97**
A(80-Ref)h 6.24 ± 0.82 4.72 ± 0.85** 4.32 ± 0.84** 3.73 ± 0.97** 4.10 ± 1.06**
80s (H-A)i 1.52 ± 0.81 1.79 ± 0.84* 2.52 ± 0.84** 2.93 ± 0.96** 3.29 ± 1.05**
Ref(H-A)j 0.41 ± 0.80 0.04 ± 0.83 0.10 ± 0.82 0.08 ± 0.89 0.89 ± 0.97
Ax-Hxk 0.57 ± 0.15** 0.43 ± 0.15* 0.56 ± 0.15** 0.44 ± 0.17* −0.09 ± 0.20
SDl
σp 3.92 3.98 3.78 3.94 3.91
σg 3.15 3.32 3.27 3.34 3.33
σc 0.02 0.01 0.01 0.02 0.02
h2 0.64 0.70 0.64 0.72 0.73
aMeans in the contrast are different: **P < 0.01 or *P < 0.05.
b
−x = crosses, H = Hereford, A = Angus, HA = reciprocal crosses of AH and HA, Ch = Charolais, Lh =
Longhorn, Sa = Salers, Ga = Galloway, Ne = Nellore, Pd = Piedmontese, So = Shorthorn.
cContrasts: respective breed of sire group vs. Hereford-Angus crosses (HA-x) with H, A 1980 sires.
dContrast: H-A pure breeds vs. HA-x (reference sires); in parentheses, the heterosis percentages.
eContrast: H-A pure breeds vs. HA-x (1980’s sires); in parentheses, the heterosis percentages.
fContrast: 0.25{(HA80s + H80s + A80s + AH80s) − (HAref + Href + Aref + AHref)}.
gContrast: 0.50{(HA80s + H80s) − (HAref + Href)}.
hContrast: 0.50{(AH80s + A80s) − (AHref + Aref)}.
iContrast: 0.50{(HA80s + H80s) − (AH80s + A80s)}.
jContrast: 0.50{(HAref + Href) − (AHref + Aref)}.
kContrast: crosses with Hereford dams vs. crosses with Angus dams.
lσp = phenotypic standard deviation, σg = genetic standard deviation, and σc = permanent environmental
standard deviation, derived from variance component estimates; h2 = heritability.
with Hereford and Angus reference sires had approxi-
mately the same height (P > 0.05) at all ages. Cows
with Angus dams were slightly, but significantly, taller
than cows with Hereford dams until 5 yr of age. At 6
yr of age, they were not significantly different for height.
A previous report from USMARC presented heights
of Cycle IV heifers at 550 d of age (Thallman et al.,
1999) and, on average, they were 2 to 4 cm less than
for 2-yr-old cows in the present study, as expected for
younger females. Rankings of crossbred females were
the same in that study and the current study. Gregory
et al. (1992, 1995) reported heights of purebred and
composite cows from 2 to 7+ yr of age from the GPU
Project at USMARC. Means for height ranged from 124
to 129 cm for Herefords and from 123 to 127 cm for
Angus, similar to the means for cows from reference
sires of the same breeds in this study. Means for height
were summarized from literature by Arango et al.
(2002b) and averaged 118, 121, 123, and 123 cm, respec-
tively, for Angus cows from 2 to 5 yr of age, which,
although smaller, followed the same general pattern as
in this study. For Hereford cows, Brown et al. (1956)
reported heights of 118 to 123 cm at 2 to 7 yr of age,
Brown and Franks (1964) found a mean height of 120
cm at 3 yr, and Sacco et al. (1990) reported a mean of
122 cm at 2.4 yr of age. In general, those heights are
less than the heights in the current study. In Australia,
Polled Hereford cows were 129, 130, and 130 cm tall
at 3+, 4+, and 5+ yr of age, respectively, (Meyer, 1995),
which are intermediate between the heights for cows
from reference and 1980s sires in this study. From a
study conducted in Texas, reciprocal HA cows were, on
average, 2 cm taller than purebred Hereford and Angus
cows between 2 and 3 yr of age (Sacco et al., 1990). The
Brahman-cross cows were 10 cm taller than HA, similar
to the cows with Nellore sires in this study, which were
6 to 7 cm taller than HA. In a Canadian study, Jeffery
and Berg (1972), Charolais-Angus and Charolais-Gallo-
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Table 8. Estimates of breed-group means for body condition score (points) by age at mea-
surementa
Age of cow, yr
Breed
groupb 2 3 4 5 6
H reference 6.2 6.4 6.3 6.7 6.8
A reference 6.4 6.3 6.3 6.5 6.8
H 1980s 6.2 6.2 6.2 6.5 6.8
A 1980s 6.2 6.2 6.2 6.0 6.8
HA reference 6.5 6.5 6.5 6.7 6.9
AH reference 6.5 6.5 6.5 6.7 6.9
HA 1980s 6.2 6.5 6.3 6.3 6.3
AH 1980s 6.2 6.3 6.2 6.2 6.6
Ch-H 6.3 6.5 6.5 6.5 6.5
Ch-A 6.1 6.3 6.2 6.5 6.4
So-H 6.0 6.0 6.0 6.3 6.3
So-A 5.9 5.9 5.9 5.9 5.9
Ga-H 6.4 6.5 6.3 6.6 6.5
Ga-A 6.3 6.4 6.3 6.5 6.5
Lh-H 5.7 5.8 5.7 6.1 6.1
Lh-A 5.6 5.8 5.6 5.9 5.9
Ne-H 6.0 6.3 6.4 6.4 6.4
Ne-A 6.0 6.2 6.2 6.2 6.2
Pd-H 5.9 5.9 5.7 5.9 5.9
Pd-A 6.0 5.8 5.6 5.8 5.8
Sa-H 6.2 6.3 6.1 6.3 6.3
Sa-A 6.1 6.2 6.1 6.2 6.2
aMeans were obtained by adding the unadjusted mean for HA cows, the solution constrained to zero, to
the solution for each breed-group.
bReference sires born from 1962 through 1970; 1980s = sires born from 1980 through 1987; H = Hereford,
A = Angus, Ch = Charolais, So = Shorthorn, Ga = Galloway, Lh = Longhorn, Ne = Nellore, Pd = Piedmontese,
Sa = Salers.
way hybrid cows were 4 cm taller than Hereford-Angus-
Galloway cows at 2 and 3 to 4 yr of age. Bowden (1980)
reported that Charolais-Angus cows (122 cm) were 5
cm taller than HA cows at 2 yr of age. Meyer (1995)
reported that cows of a synthetic breed called Wokalup,
with genes from Charolais, Brahman, Angus, Hereford,
and Holstein, were approximately 10 cm taller than
purebred Herefords in Western Australia after 3 yr
of age.
Body Condition Score
Estimates of breed means for body condition score by
age of cows are in Table 8. Estimates fell within a nar-
row range of 5.6 to 6.9 points across ages and breed
groups. On average, HA cows with reference sires had
the largest scores (6.5 to 6.9) at all ages. The other
crossbred groups interchanged rank across ages but, in
general, had the following order: Galloway (6.4 to 6.6),
Charolais and HA with 1980s sires (6.2 to 6.5), Salers
(6.2 to 6.3), Nellore (6.0 to 6.3), Shorthorn (6.0 to 6.1),
Piedmontese, and Longhorn (5.7 to 6.0). Purebred An-
gus and Hereford cows with reference sires had approxi-
mately the same condition scores at each age (6.2 to
6.8), which were slightly larger than scores for cows
with 1980s sires until 5 yr of age (6.0 to 6.5). At 6 yr,
Hereford and Angus cows from sires of both time peri-
ods had the same condition score (6.8).
Estimates of breed-group contrasts for condition
score (Table 9) are less consistent than contrasts for
the other traits. Cows with Galloway sires were the
only group exceeding HA cross cows at all ages, but that
superiority was significant at 5 and highly significant at
6 (P < 0.01) yr of age when greater than 0.25 point.
Scores of cows with Charolais sires exceeded those of
HA cows after 3 yr of age, but the difference was signifi-
cant only at 6 yr of age (0.41 point). Cows from Salers
and Nellore sires were not statistically different from
HA cows at any age, except for Nellore at 2 yr of age
(−0.24 point). Cows with the other breeds of sire had
smaller scores than HA cows at all ages with differences
that were highly significant (−0.29 to −0.63 point), ex-
cept for Longhorn and Shorthorn after 4 yr of age.
Reciprocal HA crosses with reference sires had
slightly larger condition scores (0.1 to 0.2 point) than
the purebred Hereford and Angus cows, but the differ-
ences were statistically significant only at 2 (P < 0.01)
and 3 (P < 0.05) yr of age. Cows with Hereford and
Angus reference sires, averaged over straightbred and
crossbred matings, had greater condition scores than
cows with 1980s sires at all ages. The differences were
highly significant (P < 0.01) at 2, 5, and 6 yr of age, when
greater than 0.19 point. Cows with reference Hereford
sires also had slightly greater condition scores than
cows with 1980s Hereford sires. The difference was sig-
nificant only at older ages (5 and 6 yr of age). A similar 
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Table 9. Contrasts between solutions for breed-groups (±SE), estimates of standard deviations (SD) from estimates
of variance components, and estimates of heritability for body condition score (points) by age of measurements
Age of cow, yra
Breed
groupb 2 3 4 5 6
HA-xc 0.00 0.00 0.00 0.00 0.00
Ch-x −0.056 ± 0.097 0.024 ± 0.116 0.025 ± 0.139 0.234 ± 0.138 0.414 ± 0.170*
Lh-x −0.592 ± 0.081** −0.576 ± 0.010** −0.627 ± 0.117** −0.271 ± 0.111* −0.142 ± 0.124
Sa-x −0.079 ± 0.081 −0.180 ± 0.098 −0.212 ± 0.116 −0.009 ± 0.111 −0.163 ± 0.124
Ga-x 0.155 ± 0.083 0.077 ± 0.099 0.005 ± 0.118 0.247 ± 0.114* 0.366 ± 0.124**
Ne-x −0.244 ± 0.083** −0.144 ± 0.099 −0.047 ± 0.117 0.009 ± 0.114 −0.225 ± 0.128
Pd-x −0.289 ± 0.084** −0.542 ± 0.101** −0.622 ± 0.120** −0.432 ± 0.111** −0.431 ± 0.124**
So-x −0.287 ± 0.086** −0.406 ± 0.103** −0.342 ± 0.121** −0.158 ± 0.121 −0.004 ± 0.135
Ref(H,A)-pd 0.220 ± 0.067** 0.197 ± 0.082* 0.163 ± 0.095 0.137 ± 0.096 0.115 ± 0.099
80(H,A)-pe 0.047 ± 0.093 0.226 ± 0.112 0.102 ± 0.133 0.007 ± 0.136 −0.072 ± 0.138
80 vs. Reff −0.192 ± 0.067** −0.160 ± 0.079 −0.168 ± 0.094 −0.375 ± 0.087** −0.372 ± 0.097**
H(80-Ref)g −0.143 ± 0.090 −0.120 ± 0.107 −0.144 ± 0.128 −0.277 ± 0.115* −0.323 ± 0.131*
A(80-Ref)h −0.241 ± 0.097* −0.201 ± 0.116 −0.191 ± 0.136 −0.473 ± 0.130** −0.420 ± 0.143**
80s (H-A)i −0.010 ± 0.100 0.108 ± 0.120 0.052 ± 0.142 0.271 ± 0.138 0.095 ± 0.147
Ref(H-A)j −0.108 ± 0.087 0.027 ± 0.103 0.005 ± 0.121 0.076 ± 0.104 −0.002 ± 0.125
Ax-Hxk 0.063 ± 0.019** 0.054 ± 0.022* 0.101 ± 0.026** 0.116 ± 0.026** 0.185 ± 0.029**
SDl
σp 0.648 0.721 0.786 0.758 0.709
σg 0.266 0.317 0.374 0.175 0.333
σc 0.144 0.261 0.315 0.369 0.169
h2 0.17 0.19 0.23 0.05 0.22
aMeans in the contrast are different: **P < 0.01 or *P < 0.05.
b
−x = crosses, H = Hereford, A = Angus, HA = reciprocal crosses of AH and HA, Ch = Charolais, Lh = Longhorn, Sa = Salers, Ga = Galloway,
Ne = Nellore, Pd = Piedmontese, So = Shorthorn.
cContrasts: respective breed of sire group vs. Hereford-Angus crosses (HA-x) with H, A 1980 sires.
dContrast: H-A pure breeds vs. HA-x (reference sires).
eContrast: H-A pure breeds vs. HA-x (1980s sires).
fContrast: 0.25{(HA80s + H80s + A80s + AH80s) − (HAref + Href + Aref + AHref)}.
gContrast: 0.50{(HA80s + H80s) − (HAref + Href)}.
hContrast: 0.50{(AH80s + A80s) − (AHref + Aref)}.
iContrast: 0.50{(HA80s + H80s) − (AH80s + A80s)}.
jContrast: 0.50{(HAref + Href) − (AHref + Aref)}.
kContrast: crosses with Hereford dams vs. crosses with Angus dams.
lσp = phenotypic standard deviation, σg = genetic standard deviation, and σc = permanent environmental standard deviation, derived from
variance component estimates; h2 = heritability.
pattern was found for Angus cows, but the difference
was significant at 2 yr of age (0.24 point) and highly
significant at 5 and 6 yr of age, when greater than 0.40
point. Response to selection for production traits has
resulted in taller and heavier cows with greater output
and greater nutritional requirements, which appear to
have been associated with lower condition scores. On
average, cows with 1980s Angus sires had approxi-
mately the same condition scores as cows with 1980s
Hereford sires. The same was true for Hereford and
Angus cows with reference sires. On average, cows with
Angus dams had slightly greater condition scores than
cows with Hereford dams with differences (0.1 to 0.2
point) that tended to increase with age and which were
highly significant at all ages except at 3 yr (P < 0.05).
Gregory et al. (1992, 1995) reported condition scores
of cows from 2 to 7+ yr of age of purebred and composite
breeds for the USMARC GPU Project. Estimates
ranged from 6.0 to 7.0 and from 5.6 to 6.4 points for
Hereford and Angus cows, respectively. Condition
scores were slightly greater for Hereford cows than for
Angus cows at all ages, but differences were no greater
than 0.5 point. Spelbring et al. (1977) reported condition
scores from a diallel experiment with Angus and Short-
horn in which Angus cows exceeded Shorthorn-Angus
cows by 0.2 to 0.7 point (5-to-15 scale) at all ages (3 to
5 yr), similar to this study, in which differences were
0.4 to 0.6 point for cows with reference sires. Differences
for the more recent sample of Angus sires were less in
the present study (0.1 to 0.3 point). Nadarajah et al.
(1984) reported scores of 2.9, 3.1, 3.5, 3.4, and 3.4 (1-
to-5 scale) points at 32, 44, 56, 68, and 84 mo of age,
respectively, for Angus cows, which were slightly
greater than the corresponding scores of Charolais-An-
gus cows (2.7, 3.2, 2.9, 3.1, and 3.1 points) at each age,
except at 44 mo of age. Marlowe and Morrow (1985)
reported condition scores of 2.6, 2.6, 2.7, 2.8, 2.7, and
2.7 (1-to-5 scale) points for 2- to 7-yr-old Angus cows
in Virginia, in a study that also reported weight ad-
justed for condition score. Condition scores of 5-yr-old
Hereford cows in Montana and Florida were reported
to be 6.7 and 6.1 (1-to-9 scale) points, respectively, in
a study of location by origin interaction (Butts et al.,
1971). Benyshek and Marlowe (1973) reported a mean
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score of 3.1 (1-to-5 scale) points in 7-yr-old Hereford
cows.
Bowden (1980) evaluated condition with weight-to-
height ratio and with ultrasound measurement of back-
fat thickness in crossbred cows with Angus dams at 2
yr of age. In that study, HA cows had the greatest fat
thickness, followed closely by Charolais-Angus cows.
In Scotland, Osoro and Wright (1992) reported that
condition scores of Shorthorn-Galloway cows were sig-
nificantly greater than scores for Hereford-Holstein
cows (2.37 points on a 6-point scale).
Implications
Estimates of breed-group differences for weight,
height, and condition score of cows were significant (P
< 0.05) between Hereford-Angus reciprocal crosses and
topcrosses with Charolais, Shorthorn, Salers, Nellore,
Galloway, Piedmontese, and Longhorn sires. Such dif-
ferences can be used to match breed resources with
production systems and market requirements to opti-
mize beef production. Cows with Angus and Hereford
sires from different samples (bulls born from 1962
through 1970 vs. bulls born from 1980 through 1987)
differed importantly for all traits. This result indicates
that care should be taken to account for time trends
within breeds for traits and breeds being considered in
crossbreeding or purebreeding management systems.
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